1.. Introduction
================

Cancer remains a principal cause of human mortalities worldwide. The incidence of cancer and the consequent mortalities are a principal cause for concern. It is estimated that by 2030, there may be 22 million novel cases of cancer and 13 million mortalities worldwide each year due to different types of cancer ([@b1-ol-0-0-10036]). In China, the incidence of cancer has increased between 215.8 cases per 100,000 people in 2003 and 250.3 cases per 100,000 people in 2011 ([@b2-ol-0-0-10036]). The onset of gastrointestinal malignancy is frequently clinically silent ([@b3-ol-0-0-10036]), with the early occurrence of tumor invasion and metastasis leading to high mortality rates ([@b4-ol-0-0-10036]). For example, at present, the 5-year survival rate for pancreatic cancer is 8%, whereas, the 5-year survival rate for patients with distant metastases is 3% ([@b5-ol-0-0-10036]). Due to early vessel metastasis of pancreatic cancer, it may be difficult to conduct radical surgical resections for advanced gastrointestinal malignancies in certain situations ([@b6-ol-0-0-10036]). Therefore, effective targeted therapy may be indispensable in reducing the severity of gastrointestinal malignancies and the degree of radical surgery required.

F-box/WD-40 repeat-containing protein 7 (Fbw7) is a member of the F-box protein family. Fbw7 is an essential component of the E3 ubiquitin ligase, S-phase kinase-associated protein 1 (Skp1)-cullin-1 (Cul1)-F-box (SCF)^Fbw7^, which serves as a binding site for substrates, and mediates their ubiquitination and degradation ([@b7-ol-0-0-10036]). The majority of Fbw7 substrates regulate a number of cell behaviors, including progression through the cell cycle, differentiation and apoptosis ([@b7-ol-0-0-10036]). In solid tumors, Fbw7 substrates are typically identified to be oncoproteins. Therefore, *FBW7*, which encodes Fbw7, is frequently considered a tumor suppressor gene ([@b7-ol-0-0-10036]). In tumor cells, *FBW7* has been demonstrated to possess mutations and deletions, to be methylated or post-transcriptionally modified ([@b8-ol-0-0-10036]). Fbw7 expression is additionally regulated by numerous proteins, resulting in its dysfunctional expression and subsequent tumor progression ([@b8-ol-0-0-10036]). The present review aimed to provide a comprehensive overview of the mechanisms involved in dysfunctional Fbw7 expression caused by mutations in the *FBW7* gene. Additionally, it may provide information on the shared molecular regulatory mechanisms involved in the progression of gastrointestinal malignancies, including colorectal, liver, gastric and pancreatic cancer, in addition to oral and esophageal squamous cell carcinomas.

2.. Structure and biological functions of Fbw7
==============================================

Fbw7 (additionally termed Fbxw7, hAgo, hCdc4 and SEL-10) is a protein encoded by the *FBW7* gene and is located on the chromosomal band 4q32 ([@b9-ol-0-0-10036]). Fbw7 is present as one of three subtypes: Fbw7α exists in the nucleoplasm; Fbw7β exists in the cytoplasm; and Fbw7γ exists in the nucleoli ([@b9-ol-0-0-10036]). Each of the three subtypes are transcribed by a different promoter, and thus, are considered as three different proteins ([@b9-ol-0-0-10036]). At present, the regulatory mechanisms of the three proteins remain largely unknown. Of the three subtypes, Fbw7α serves a leading ubiquitylation role ([@b9-ol-0-0-10036]). All of the three isoforms contain a dimerization-domain that mediates protein dimerization and regulates substrate binding and ubiquitination, an F-box connecting Skp1 and a WD40 repeat region that forms a β propeller, binding to phosphorylated substrates ([@b9-ol-0-0-10036]). Fbw7 binds to Skp1, Cul1 and E3 ubiquitin-protein ligase RBX1 to form an SCF E3 ubiquitin ligase, which allows the ubiquitination of substrates, together with E1 ubiquitin-activating and E2 ubiquitin-conjugating enzymes ([Fig. 1](#f1-ol-0-0-10036){ref-type="fig"}). The cell division control protein 4 phosphorylation domain (CPD) of substrates is recognized by Fbw7 and leads to their ubiquitylation subsequent to being phosphorylated by glycogen synthase kinase 3 (GSK3). The majority of substrates that are recognized for degradation by Fbw7 contain at least one CPD ([@b10-ol-0-0-10036]). Numerous substrates of Fbw7, including Myc proto-oncogene protein (c-Myc), Neurogenic locus notch homolog protein (Notch), cyclin E and c-Jun, are vital due to their important regulatory role in tumor progression; Fbw7 serves as a scavenger by degrading such substrates ([@b9-ol-0-0-10036]). Additionally, previous studies demonstrated that substrates of Fbw7, including myeloid cell leukemia 1, mediator complex subunit 13/13 ligand, Krüppel-like factor 5, thymine guanine-interacting factor and numerous other proteins, may additionally exert their influence on tumor progression ([Fig. 2](#f2-ol-0-0-10036){ref-type="fig"}) ([@b11-ol-0-0-10036]--[@b14-ol-0-0-10036]).

3.. Regulatory mechanisms of Fbw7 in tumorigenesis
==================================================

In normal tissues, Fbw7 is stably expressed, maintaining a balance between tumor suppressor proteins and proto-oncoproteins *in vivo*, thus inhibiting tumor progression ([@b15-ol-0-0-10036]). In tumor tissues, FBW7 is typically mutated, resulting in the downregulation or dysfunction of Fbw7 ([@b15-ol-0-0-10036]). During transcription, multiple transcriptional factors bind to Fbw7 mRNA to decrease the expression level of Fbw7, including a number of miRNAs ([@b16-ol-0-0-10036],[@b17-ol-0-0-10036]) and p53 ([@b18-ol-0-0-10036]). Proteins may bind to the functional region of Fbw7, resulting in an incomplete or non-functional E3 ubiquitin ligase and other proteins may promote the self-ubiquitination of Fbw7, targeting itself for degradation, including the role of Parkin ([@b19-ol-0-0-10036]). Upregulation of proteins that result in the downregulation, dysfunction or degradation of Fbw7 expression serve key roles in tumorigenesis ([Fig. 3](#f3-ol-0-0-10036){ref-type="fig"}).

Missense point mutations on three arginine residues (R465, R479 and R505) occurring at the β propeller phosphorylation-binding site, impair the substrate recognition function of Fbw7 ([@b9-ol-0-0-10036]). Additionally, monoallelic or biallelic knockouts or the hypermethylation of the promoter of *FBW7* may occur in tumors, in humans and in mice ([@b20-ol-0-0-10036]--[@b22-ol-0-0-10036]). Numerous previous studies demonstrated that microRNAs (miRs), including miR-223 and miR-27a, bind to Fbw7 mRNA in tumors, leading to the inhibition of Fbw7 expression ([@b23-ol-0-0-10036],[@b24-ol-0-0-10036]). Dimerization and post-transcriptional modifications stabilize the structure of Fbw7. Specifically, dimerization of Fbw7 improves its affinity for substrates, whereas, post-transcriptional modifications allow Fbw7 to alter between an autocatalytic mode and a substrate degradation mode ([@b7-ol-0-0-10036]). A mutation of the CPD at the binding site of Fbw7 decreases the affinity of Fbw7 for a substrate, resulting in downstream substrate accumulation ([@b25-ol-0-0-10036]). In addition to mutations of *FBW7* and modifications of product structure subsequent to transcription and translation, the expression of Fbw7 is regulated by a variety of other factors. Ubiquitin specific peptidase (Usp) 28 regulates the stability of Fbw7 and the degradation of substrates through a series of complex mechanisms ([@b26-ol-0-0-10036]). Loss of the deubiquitinase Usp28 monoallele stabilizes and facilitates Fbw7-mediated substrate degradation, whereas, complete knockout of Usp28 promotes the degradation of Fbw7, leading to the accumulation of Fbw7 substrates ([@b26-ol-0-0-10036]). Cellular tumor antigen p53 (p53) directly binds to the first exon of *FBW7* and promotes Fbw7 expression. Therefore, targeted activation of the p53 signaling pathway exerts antitumor effects by restoring Fbw7 expression ([@b18-ol-0-0-10036]). In addition, Peptidyl-prolyl cis-trans isomerase NIMA-interacting 1 (Pin1), CCAAT/enhancer-binding protein-δ (C/EBP-δ), hairy and enhancer of split (Hes)-5 and Numb additionally regulate the expression of Fbw7 ([@b17-ol-0-0-10036]). Of the aforementioned proteins, C/EBP-δ and Hes-5 are additionally substrates of Fbw7 ([@b13-ol-0-0-10036],[@b27-ol-0-0-10036]).

4.. Role of Fbw7 in chemoresistance
===================================

Fbw7 serves a crucial role in chemoresistance. Chemotherapy is an effective adjuvant therapy to radical surgery. However, the chemoresistance that cancer cells develop to various chemotherapy drugs is one of the principal obstacles of successfully treating cancer. The mutation in *FBW7*, including *FBW7* missense mutation in three arginine residues (R465, R479 and R505), which leads to dysfunctional Fbw7, can cause the accumulation of numerous substrates, which may be important in chemoresistance ([@b28-ol-0-0-10036]). Gong *et al* ([@b29-ol-0-0-10036]) conducted a comprehensive review of the role of F-box proteins in chemoresistance, including Fbw7. Numerous previous studies investigated the involvement of Fbw7 in the chemoresistance of numerous types of cancer ([@b11-ol-0-0-10036],[@b30-ol-0-0-10036]--[@b32-ol-0-0-10036]). A number of downstream targets of Fbw7, including c-Myc, nuclear factor erythroid 2-related factor 2, myeloid leukemia cell differentiation protein Mcl-1 (Mcl-1) and transcription factor SOX-9, are involved in chemoresistance of various types of cancer, including colorectal cancer, gastric cancer and pancreatic cancer ([@b11-ol-0-0-10036],[@b30-ol-0-0-10036]--[@b32-ol-0-0-10036]). In comparison, a number of upstream proteins, including Epstein-Barr virus nuclear antigen-binding protein 2 ([@b33-ol-0-0-10036]), C/EBP-δ ([@b13-ol-0-0-10036]) and miR-27a ([@b34-ol-0-0-10036]), may regulate *FBW7* to increase drug sensitivity. Therefore, the downregulation of such proteins may lead to chemoresistance, and increasing the expression of these proteins may be a novel method for overcoming chemoresistance. Additionally, the miR-223/Fbw7 signaling pathway has been demonstrated to serve an important role in chemoresistance of numerous gastrointestinal malignancies, including oral and esophageal squamous ([@b35-ol-0-0-10036]), gastric ([@b36-ol-0-0-10036]), pancreatic ([@b37-ol-0-0-10036]) cancer. Therefore, targeting the miR-223/Fbw7 pathway may be an effective way to overcome chemoresistance in gastrointestinal cancer.

5.. Fbw7 and gastrointestinal malignancy
========================================

Fbw7 is able to promote ubiquitination and degrade a number of key proteins that regulate the cell cycle, proliferation and apoptosis and thus, serves as a tumor suppressor. In mitosis, the deletion of Fbw7 causes hyperphosphorylation of a serine residue at position 18 of the centromere recognition protein, histone H3-like centromeric protein-A, by cyclin E1/cyclin-dependent kinase 2 (CDK2) resulting in the inability of the centromere to become localized, in addition to increased chromosomal instability and the promotion of tumorigenesis ([@b38-ol-0-0-10036]). Fbw7 additionally mediates γ-catenin ubiquitination, resulting in an inhibition of the G2/M cell cycle transition and cell proliferation ([@b39-ol-0-0-10036]). Furthermore, Fbw7 is closely associated with epithelial to mesenchymal transition (EMT), invasion and metastasis ([@b40-ol-0-0-10036]). Numerous previous studies investigated the association between *FBW7* mutations and clinicopathological features of gastrointestinal malignancies ([Table I](#tI-ol-0-0-10036){ref-type="table"}). A number of the previous studies in [Table I](#tI-ol-0-0-10036){ref-type="table"} suggested that a poor prognosis was closely associated with *FBW7* mutations. In a number of previous studies, it was demonstrated that aberrant Fbw7 expression additionally serves a pivotal role in the resistance of numerous gastrointestinal tumors to chemotherapeutic drugs ([Table II](#tII-ol-0-0-10036){ref-type="table"}). Therefore, examining novel methods to restore the physiological expression levels of Fbw7 may increase the sensitivity of tumors to chemotherapy and thus facilitate the treatment of cancer.

### Colorectal cancer

Next-generation sequencing of 648 colorectal cancer specimens demonstrated that the mutational rates of *FBW7* in the Chinese population was 5.32% ([@b41-ol-0-0-10036]). Disorders in Fbw7 expression caused by *FBW7* mutation, including mutation in Arg^465^ significantly increased the depth of invasion of colorectal cancer and shortened the 5-year overall survival rate of patients ([@b41-ol-0-0-10036]). The accumulation of cyclin E and c-Myc caused by dysfunctional Fbw7 expression increases the malignancy of colorectal cancer ([@b42-ol-0-0-10036]). A recent study demonstrated that Fbw7 restricted the metastasis of colorectal cancer cells by inhibiting the hypoxia-inducible factor-α (HIF-α)/carcino-embryonic antigen cell adhesion molecule 5 (CEACAM5) axis, which lead to a loss of *CEACAM5*, the gene encoding a common tumor marker, CEA ([@b43-ol-0-0-10036]). Polo-like kinase 2 expression was increased in colorectal cancer tissues, and directly bound to and phosphorylated Fbw7 on serine 176, forming a complex that reduced the stability of Fbw7 and lead to retention of cyclin E, which was beneficial to the proliferation of tumors ([@b44-ol-0-0-10036],[@b45-ol-0-0-10036]). Zinc finger protein 746 additionally inhibited c-Myc phosphorylation by GSK3 and decreased the degradation of c-Myc by Fbw7 ([@b46-ol-0-0-10036]). Furthermore, the sequential upregulation of miR-182 and miR-503, may transform colorectal adenomas into colorectal cancer by inhibiting Fbw7 expression ([@b47-ol-0-0-10036]). In contrast, the deubiquitinase, ubiquitin specific peptidase 9, X-linked, inhibited Fbw7 self-ubiquitination and proteolysis, stabilized and restored Fbw7 function, and suppressed the progression of colorectal cancer ([@b48-ol-0-0-10036]). The sensitivity of colorectal cancer to chemotherapeutics is, to a certain extent, associated with the expression of Fbw7. Downregulation of Fbw7 resulted in the accumulation of cryptochrome 2, which increased the resistance of colorectal cancer to oxaliplatin ([@b49-ol-0-0-10036]). Additionally, an increase in the Fbw7 substrate Mcl-1, mediated resistance of colorectal cancer to regorafenib ([@b28-ol-0-0-10036]).

### Hepatocellular carcinoma

A previous Japanese study, which examined liver cancer tissue samples from 66 cases and followed up the survival rates of the patients, demonstrated that tumor-free survival of patients with high Fbw7 expression was considerably longer compared with patients with low Fbw7 expression ([@b50-ol-0-0-10036]). Multivariate analysis identified that the decreased expression of Fbw7 was the strongest independent risk factor for the recurrence of hepatocellular carcinoma ([@b50-ol-0-0-10036]). The positive correlation between Fbw7 and the survival rate of patients with liver cancer may be associated with the downregulation of Notch-1 and the expression of downstream matrix metalloproteinase (MMP)-2, MMP-9 and urokinase plasminogen activator, which obstruct the invasion and metastasis of liver cancer ([@b51-ol-0-0-10036]). Expression of Fbw7 in liver cancer is additionally regulated by a wide-range of proteins. Signal transduction and activator of transcription (STAT)-1 expression downregulates the expression level of Fbw7 and p53, increases the expression of downstream cyclin E, CDK2, Hes-1 and nuclear factor-κB (NF-κB) transcription factor p65, accelerates cell growth and promotes G0/G1 cell cycle transition and apoptosis ([@b52-ol-0-0-10036]). Long non-coding RNA cancer susceptibility candidate 2 can bind and sequester miR-367, restoring Fbw7 expression ([@b53-ol-0-0-10036]). Fbw7 is associated with chemoresistance of liver cancer. Hepatocellular carcinoma cell lines with increased expression of Fbw7 were more sensitive to doxorubicin and demonstrated decreased EMT ([@b54-ol-0-0-10036]). In addition, the increase in expression of Mcl-1 by the Pin1-mediated downregulation of Fbw7 expression may enhance the resistance of liver cancer to sorafenib ([@b55-ol-0-0-10036]).

### Gastric cancer

To date, four missense mutations, a frame shift mutation and a nonsense mutation of *FBW7* have been identified in gastric cancer tissues; and an *FBW7* mutation has been identified in early gastric cancer ([@b56-ol-0-0-10036]). An *FBW7* monoallele deletion increased the carcinogenic risk of healthy cells to methylnitrosourea ([@b57-ol-0-0-10036]). A recent Chinese study demonstrated that dysfunctional Fbw7 expression caused by *FBW7* mutations were associated with poor tissue differentiation, survival and adjuvant chemotherapy resistance ([@b58-ol-0-0-10036]). *FBW7* mutations were additionally associated with lymph node metastasis, tumor size and p53 mutations in gastric cancer, leading to a poor prognosis ([@b59-ol-0-0-10036]). The tumorigenic effects of *FBW7* mutations are manifested as a result of its interactions with numerous substrates. Therefore, screening for *FBW7* mutations may improve the diagnosis and detection of early gastric cancer. As a substrate of Fbw7, transforming protein RhoA interacts with downstream effectors to damage the cytoskeleton, restrict cell migration, disrupt the cell cycle of tumors, and is closely associated with tumorigenesis and tumor invasion ([@b60-ol-0-0-10036]). The expression of Fbw7 in gastric cancer was inhibited by miR-223, which promoted tumor apoptosis and proliferation. A previous in-depth study demonstrated that the upregulation of miR-223 additionally increased the resistance of gastric cancer cells to cisplatin by downregulating the expression of Fbw7 and thus affecting G1/S cell cycle transition ([@b35-ol-0-0-10036]). In receptor tyrosine-protein kinase erbB-2 positive gastric cancer cell lines, the miR-223/Fbw7 axis is a pivotal pathway for mediating trastuzumab resistance ([@b61-ol-0-0-10036],[@b62-ol-0-0-10036]).

### Oral and esophageal squamous cell carcinoma

A deficiency in the *FBW7* gene copy number may lead to the decreased expression of Fbw7 and an increase in c-Myc expression levels, resulting in poor a prognosis in patients with esophageal cancer. It may additionally promote tumor cell proliferation, myometrial invasion and lymphatic metastases ([@b63-ol-0-0-10036],[@b64-ol-0-0-10036]). A previous next-generation sequencing study of oral squamous cell carcinoma specimens from a Taiwanese population demonstrated that *FBW7* is one of the most commonly mutated genes (2%) ([@b62-ol-0-0-10036]). Furthermore, compared with a high expression level of Fbw7, low expression of Fbw7 correlated with a poor prognosis following pre-operative chemotherapy. In addition, Fbw7 expression has become an independent predictor of oral squamous cell carcinoma ([@b65-ol-0-0-10036]). Therefore, Fbw7, in addition to serving as a potential biomarker for an oral squamous cell carcinoma response to chemotherapeutic drugs, may additionally allow for improved prediction of the overall survival of patients ([@b66-ol-0-0-10036]).

A number of miRs regulate the expression of Fbw7 in oral and esophageal cancer. miR-223 serves a role in the progression of gastric cancer and esophageal cancer. Additionally, miR-223 was upregulated and inhibited the expression of Fbw7, resulting in a poor prognosis ([@b34-ol-0-0-10036]). Furthermore, miR-25 was involved in the poor prognosis of patients with esophageal cancer, by promoting invasion and metastasis of esophageal cancer by downregulating the expression of Fbw7 ([@b67-ol-0-0-10036]). Although previous studies identified an intrinsic association between *FBW7* mutations and the pathological features, and prognosis of oral and esophageal squamous cell carcinomas ([@b65-ol-0-0-10036]--[@b68-ol-0-0-10036]), There are a limited number of studies, to the best of our knowledge, on the regulatory mechanisms of upstream and downstream molecules.

### Pancreatic cancer

A previous study on pancreatic cancer cell lines overexpressing cyclin E demonstrated that a number of the cell lines possessed an *FBW7* allele loss, which promoted the progression of pancreatic cancer ([@b68-ol-0-0-10036]). Fbw7 may inhibit cancer by degrading numerous oncoproteins in pancreatic cancer. The expression of exportin-1 (Xpo1) facilitates the transport of Fbw7, which prevents the degradation of Notch-1 in the nucleus, leading to the accumulation of c-Myc, cyclin D, Hes-1 and vascular endothelial growth factor in the Notch signaling pathway ([@b69-ol-0-0-10036]). The Xpo1-specific inhibitor, KPT-185, and Xpo1 inhibition by an inhibitor of nuclear export interferes with this process ([@b69-ol-0-0-10036]). Fbw7 additionally degrades β-catenin to block an abnormally regulated Wnt signaling pathway in pancreatic cancer ([@b70-ol-0-0-10036]). In the diagnosis of pancreatic cancer, the Fbw7 expression level in pancreatic cancer was inversely correlated with the maximum standardized uptake value in positron emission tomography and coaxial tomography, and inhibited glucose metabolism via an Fbw7/c-Myc/thioredoxin-interacting protein axis ([@b71-ol-0-0-10036]). Additionally, Fbw7 expedited the accumulation of equilibrative nucleoside transporter 1 by inhibiting the degradation function of lysosomes, and enhanced the sensitivity of pancreatic cancer to gemcitabine ([@b72-ol-0-0-10036]). The function of Fbw7 is additionally regulated by a variety of mechanisms in pancreatic cancer. A *KRAS proto-oncogene, GTPase* mutation activated extracellular signal-regulated kinase (ERK) to directly bind to a threonine at position 205 of Fbw7, resulting in ERK degradation. However, a lack of threonine at this site in Fbw7 resulted in ERK dysfunction and lead to an inability of Fbw7 degradation ([@b73-ol-0-0-10036]). Genistein inhibits cell growth, invasion and metastasis, and induces apoptosis due to the increased expression of miR-223 and decreased expression of Fbw7, promoting EMT to enhance pancreatic cancer resistance to gemcitabine ([@b36-ol-0-0-10036],[@b39-ol-0-0-10036]). Notably, Fbw7 degrades the GSK3 phosphorylated miR-223 agonist, heterogenous nuclear ribonucleoprotein K, resulting in miR-223 dysfunction ([@b74-ol-0-0-10036]).

6.. Fbw7 and other types of cancer
==================================

Additionally, Fbw7 is involved in the progression of other tumors. In a previous study by Yu *et al* ([@b54-ol-0-0-10036]), transfection of Fbw7 into a non-small cell lung cancer cell line, NCI-H1299, which exhibits low endogenous expression levels of Fbw7, significantly increased its chemosensitivity to cisplatin, which was closely associated with the effect of Fbw7 on EMT. Therefore, Fbw7 may be regarded as a potential target for lung cancer resistance ([@b75-ol-0-0-10036]). An additional previous study on drug resistance in non-small cell lung cancer demonstrated that ERK, combined with GSK3β, phosphorylated the serine 159 residue of Mcl-1, which promoted the degradation of Mcl-1 in the nucleus by binding to Fbw7. In tumor tissues, the lack of Fbw7 disrupted this process and induced drug resistance in non-small cell lung cancer ([@b76-ol-0-0-10036]). Lin *et al* ([@b77-ol-0-0-10036]) demonstrated that Fbw7 overexpression inhibited proliferation, invasion and metastasis of the glioma cell lines, U251 and U373, by downregulating Aurora B, Mcl-1 and Notch-1 expression levels, and enhanced the cytotoxicity of temozolomide. Fbw7 additionally serves a role in the development of triple-negative breast cancer. Takada *et al* ([@b78-ol-0-0-10036]) demonstrated that EgIN2 prolyl hydroxylase promoted tumorigenesis in breast cancer and was regulated by Fbw7. Following phosphorylation of GSK3β at the C-terminus of EgIN2, the latter became ubiquitylated and degraded by Fbw7 ([@b78-ol-0-0-10036]). In addition, Fbw7 overexpression significantly decreased the viability of the activated B cell-like diffuse large B lymphoma cell lines, SU-DHL-2 and OCI-LY-3, and increased their apoptotic rate ([@b79-ol-0-0-10036]). This process is caused by Fbw7 ubiquitination and degradation of STAT3 and phosphorylated STAT3^Tyr705^, resulting in the dysfunction of downstream anti-apoptotic proteins, Myc, survivin, Mcl-1, serine/threonine-protein kinase pim-1, B-cell lymphoma-2 (Bcl-2) and Bcl2-associated agonist of cell death ([@b79-ol-0-0-10036]).

7.. Conclusions and future prospects
====================================

Dysfunctional Fbw7 is closely associated with the progression, invasion, metastasis and chemoresistance of tumors as a result of deficiencies in the ubiquitylation and degradation of substrates that serve as oncoproteins in tumor progression. In gastrointestinal tumors, the Fbw7 expression level is typically aberrantly downregulated, and the detailed mechanisms involved are diverse. At the genetic level, *FBW7* mutations may lead to increased dysfunctional expression. At the transcriptional level, miRs bind to Fbw7 mRNA, thus the proteins are not translated. At the post-transcriptional level, the stability of Fbw7 is regulated by numerous various upstream regulatory proteins, whereas, physiological ubiquitination function is abrogated by deubiquitinases. In addition, mutations in the CPD region of substrates result in a loss of affinity to Fbw7, resulting in dysfunctional ubiquitination by Fbw7. The frequent presence of mutations in *FBW7* in tumors may constitute *FBW7* as an early tumor screening gene. Fbw7 may additionally be used as an essential protein target for targeted therapy to reverse chemoresistance. Approaches against Fbw7 in anti-tumor therapy may include knocking out *FBW7* variant genes, targeting upstream proteins of Fbw7 and substrates of Fbw7 that have cancer-promoting effects, and exogenously upregulating the expression of Fbw7 to reverse tumorigenesis.

Bromodomain containing protein-7 (BRD7), is a subunit of switch/sucrose non-fermenting (SWI/SNF), which is an evolutionarily conserved, large (\~2 MDa) multi-subunit, ATP-dependent chromatin remodeling complex that regulates epigenetic architecture and cellular identity ([@b80-ol-0-0-10036]). Similar to Fbw7, mutations of BRD7 may lead to SWI/SNF dysfunction, which causes aberrant gene expression leading to various diseases, including prostate cancer, breast cancer and nasopharyngeal cancer ([@b80-ol-0-0-10036]--[@b82-ol-0-0-10036]). The mechanisms include regulating the cell cycle, serving as a co-activator of p53, c-Myc, HIF-α and NF-κB, and downregulating the expression of BRD7 in cancer ([@b83-ol-0-0-10036]). Therefore, it was hypothesized that Fbw7 and BRD7 may be tumor suppressors, and they may be synergistic in tumor inhibition. However, the specific association between Fbw7 and BRD7 remains unknown, and requires further study.

Compared with other gastrointestinal malignancies, the survival rate for pancreatic cancer is decreased, suggesting the urgency in identifying specific targets to reduce the degree of radical surgery undertaken. Although a variety of adjuvant and neoadjuvant chemotherapeutic agents exist, the overall survival rate of pancreatic cancer has remained unaltered over the past few decades. Therefore, studies on Fbw7 may provide novel insight for targeted therapy for advanced pancreatic cancer. However, studies of the role of Fbw7 in pancreatic cancer have only gradually emerged in recent years ([@b71-ol-0-0-10036],[@b72-ol-0-0-10036],[@b84-ol-0-0-10036]). A previous study demonstrated that Fbw7 regulates the expression of NF-κB and vice versa ([@b85-ol-0-0-10036]). NF-κB is closely correlated with angiogenesis, invasion and metastasis of pancreatic cancer ([@b86-ol-0-0-10036]). However, limited studies exist on the association between Fbw7 and NF-κB in pancreatic cancer. Therefore, the regulation of Fbw7 and the NF-κB signaling pathway may become the focus of future studies in targeted therapy for pancreatic cancer.

In conclusion, the present review discusses the mechanisms of Fbw7 in the progression of gastrointestinal malignancies. Fbw7, in addition to upstream and downstream regulatory proteins, were suggested to be potential tumor therapeutic targets. Previous studies provided insight for the regulatory mechanisms of Fbw7 in gastrointestinal malignancies. However, specific issues require investigation. Upstream and downstream signaling molecules and signaling pathways that specifically affect Fbw7 expression have not yet been examined. Additionally, the diagnostic specificity and sensitivity of *FBW7* as a biomarker for cancer and the veracity of prognosis prediction requires further improvement. Furthermore, large-scale clinical and multicenter trials as opposed to cell culture or animal studies require gradual implementation to examine chemotherapeutics targeting Fbw7.
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![A total of two cell division control protein 4 phosphorylation domains of the substrates are phosphorylated by GSK-3β and bind to Fbw7 in the SCF E3 ubiquitin-ligase (Fbw7, Skp1, Rbx1, Cul1 and E2) to induce the ubiquitylation of substrates. GSK-3β, glycogen synthase kinase 3β; Fbw7, F-box/WD repeat-containing protein 7; SCF, Skp1-Cul-F-box; Rbx1, ring box protein-1; E1, E1 ubiquitin-activating enzyme; E2, E2 ubiquitin-conjugating enzyme; Ub, ubiquitin; Skp1, S-phase kinase-associated protein 1; Cul1, cullin-1; p, phosphate.](ol-17-04-3625-g00){#f1-ol-0-0-10036}

![Important substrates for downstream regulation of Fbw7 in tumors. Fbw7 F-box/WD repeat-containing protein 7; c-Myc, Myc proto-oncogene protein; C/EBPδ, CCAAT/enhancer binding protein δ; FOXM1, forkhead box protein M1; Hes-5, hairy and enhancer of split 5; Notch, neurogenic locus notch homolog protein; GATA3, trans-acting T-cell-specific transcription factor; HIF-1α, hypoxia-inducible factor-1α; mTOR, mammalian target of rapamycin; KLFs, Krueppel-like factors; G-CSFR, granulocyte colony-stimulating factor receptor; SREBP, sterol regulatory element-binding protein; SOX9, transcription factor SOX-9; MED13/13L, mediator complex subunit 13/13 ligand; PGC-1α, peroxisome proliferator-activated receptor gamma coactivator-1α; TGIF1, thymine-guanine interacting factor; NF-κB2, nuclear factor κ-light-chain-enhancer of activated B cells 2; HSF1, heat shock factor protein 1; Mcl-1, induced myeloid leukemia cell differentiation protein Mcl-1.](ol-17-04-3625-g01){#f2-ol-0-0-10036}

![Regulatory mechanisms and associated proteins that cause Fbw7 dysfunction at different expression levels. Fbw7, F-box/WD repeat-containing protein 7; C/EBPδ, CCAAT/enhancer binding protein δ; Hes-5, hairy and enhancer of split 5; Pin-1, peptidyl-prolyl cis-trans isomerase NIMA-interacting 1; USP28, ubiquitin specific peptidase 28.](ol-17-04-3625-g02){#f3-ol-0-0-10036}

###### 

*FBW7* mutations, dysfunction and clinicopathological features of gastrointestinal malignancy.

  Author, year             Type of cancer                     Number of specimens   Conclusion                                                                                                                                                                    (Refs.)
  ------------------------ ---------------------------------- --------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -----------------------
  Iwatsuki *et al*, 2010   Colorectal cancer                  223                   Low Fbw7 expression enhances tumor invasion and results in a significant poor prognosis.                                                                                      ([@b42-ol-0-0-10036])
  Chang *et al*, 2015      Colorectal cancer                  1,519                 There is no significant association between patient prognosis and *FBW7* mutation.                                                                                            ([@b87-ol-0-0-10036])
  Tu *et al*, 2012         Hepatocellular carcinoma           60                    Fbw7 protein expression is significantly associated with high histological grade and advanced Tumor Node Metastasis stage.                                                    ([@b88-ol-0-0-10036])
  Enkhbold *et al*, 2014   Intrahepatic cholangioc arcinoma   31                    Tumor progression is associated with with low Fbw7 expression, and low Fbw7 expression is an independent prognosis factor for overall survival and mortality free survival.   ([@b89-ol-0-0-10036])
  Ishii *et al*, 2017      Pancreatic cancer                  122                   Decreased Fbw7 expression facilitates advanced venous invasion, enhanced Ki-67 expression and poor prognosis.                                                                 ([@b90-ol-0-0-10036])
  Imura *et al*, 2014      Hepatocellular carcinoma           66                    The tumor-free survival of patients with high Fbw7 expression is considerably longer compared with patients with low expression.                                              ([@b50-ol-0-0-10036])
  Li *et al*, 2017         Gastric cancer                     570                   Low Fbw7 expression correlated with poor differentiation and prognosis and worse chemotherapy response.                                                                       ([@b58-ol-0-0-10036])
  Yokobori *et al*, 2009   Gastric cancer                     100                   FBW7 mutations may additionally increase lymph node metastasis and tumor size, and lead to a poor prognosis.                                                                  ([@b59-ol-0-0-10036])
  Naganawa *et al*, 2010   Esophageal cancer                  43                    FBW7 deficiency results in a poor prognosis and promote tumor cell proliferation, myometrial invasion and lymphatic metastasis.                                               ([@b63-ol-0-0-10036])
  Arita *et al*, 2017      Oral cancer                        125                   Low expression of Fbw7 was poorly correlated with preoperative chemotherapy and the poor prognosis.                                                                           ([@b66-ol-0-0-10036])

Fbw7, F-box/WD repeat-containing protein 7; Ki-67, proliferation marker protein Ki-67.

###### 

Mechanisms of Fbw7 in the chemoresistance of a number of gastrointestinal malignancies.

  Author, year         Type of cancer             Chemotherapeutics                            Mechanism                                                                                   (Refs.)
  -------------------- -------------------------- -------------------------------------------- ------------------------------------------------------------------------------------------- -----------------------
  Fang *et al*, 2015   Colorectal cancer          Oxaliplatin-based neoadjuvant chemotherapy   Loss of Fbw7 upregulates the expression level of CRY2, which mediates chemoresistance       ([@b49-ol-0-0-10036])
  Tong *et al*, 2017   Colorectal cancer          Regorafenib and sorafenib                    Lower Fbw7 expression blocks the degradation of Mcl-1.                                      ([@b28-ol-0-0-10036])
  Yu *et al*, 2014     Hepatocellular carcinoma   Doxorubicin                                  Silencing of Fbw 7 in heptocarcinoma facilitates chemoresistance by regulating EMT.         ([@b54-ol-0-0-10036])
  Zhou *et al*, 2015   Gastric cancer             Cisplatin                                    The miR-223/Fbw7 axis may alter some certain cell cycle regulators.                         ([@b61-ol-0-0-10036])
  Eto *et al*, 2015    Gastric cancer             Trastuzumab                                  The miR-223/Fbw7 axis induces chemoresistance by suppressing cell apoptosis.                ([@b62-ol-0-0-10036])
  Ma *et al*, 2015     Pancreatic cancer          Gemcitabine                                  The miR-223/Fbw7 axis induces chemoresistance by regulating EMT and upregulating Notch-1.   ([@b40-ol-0-0-10036])

EMT, epithelial-to-mesenchymal transition; miR, microRNA; Fbw7, F-box/WD repeat-containing protein 7; Mcl-1, induced myeloid leukemia cell differentiation protein Mcl-1; Notch-1, neurogenic locus notch homolog protein-1; CRY2, cryptochrome-2.
